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2 24 1. Introduction 25 Vitamin B12 plays a crucial role in the methylation processes and in lipid and carbohydrate 26 metabolism. Its structure can be considered one of the most complicated among biomolecules in 27 nature. A molecule of vitamin B12 consists of a four-part corrin macrocycle that has cobalt as a 28 central ion linked to various upper ligands, including cyano (cyanocobalamin, CNCbl), hydroxyl 3 speed in a mixer followed by mixing for 3 min at the middle speed. After mixing, the dough was 144 molded, proofed (90 min), baked, cooled and weighed, and bread volumes were measured as in the 145 straight-dough process. Fortified sourdough baking was studied in two ways: CNCbl or OHCbl was added either before 148 (Test 1) or after (Test 2) the 16-h-fermentation. Both baking tests were performed once either with 149 CNCbl or with OHCbl, and once without (control dough) vitamin addition. In the following 150 description of processes, amounts that differed in Test 2 are given in parenthesis. A rye-dough 151 starter was originated in a local bakery (Pirjon Pakari; Nurmijärvi, Finland) and stored at +4 °C.
152
The seed contained about 50-100 times more unspecified lactic acid bacteria (LAB) (larger rods 10 6 153 cfu/g and smaller rods 10 9 cfu/g) than yeast cells (10 6 cfu/g), which is typical for rye-dough seeds. 154 200 g (160 g) of seed was reactivated by fermenting it with 125 g (100 g) tap water and 75 g (60 g) 155 whole-rye flour for 5 h at 30 °C. Then, 26 g (50 g) of reactivated seed was mixed with 320 g (619 156 g) of tap water and 194 g (375 g) of rye flour at RT by hand. At that point in Test 1, 0.54 mg of 2.3.1 Preparation of malt medium and its fermentation by Propionibacterium freudenreichii 168 169 Fermented malt medium was prepared three times: twice for straight-dough baking (Trial 1 and 170 Trial 2) and once for sourdough baking. Barley malt extract (ME; Laihian Mallas Ltd.; Laihia, 171 Finland) and lactate (60% w/w) were mixed (ME-lactate) in Milli-Q water followed by pH 172 adjustment to 6.4 with potassium phosphate buffer. The solution was centrifuged and the 173 supernatant filtered. A stock solution of tryptone (0.2 g/ml in water) and the ME-lactate solution 174 were autoclaved separately. Fermentation medium (ME-medium) was prepared by mixing ME-175 lactate, tryptone and sterile-filtered CoCl 2 solution just prior to fermentation, so that final 176 concentrations were: ME 100 g/L, lactate 8g/L, tryptone 5g/L and CoCl 2 5 mg/L. Straight-dough baking was carried out three times in two independent trials (Trial 1 and Trial 2) 187 using ME-medium (238 ml) as a liquid instead of tap water. ME-media were used immediately after 188 the 168-h fermentation. From each separately fermented media (n = 3 in both trials) a straight 189 dough was made based on the recipe in Table 1 in Section 2.2.1. Generally, the active vitamin B12 content in the media used in Trial 2 was higher (on average, 690 ng/ml, n = 3) than in Trial 1 (on between the MBA and the UHPLC results. Differences were considered statistically significant at p 259 < 0.05. based on the UHPLC results, followed by more detailed discussion of these two analytical methods.
268
The proofing steps (1.5-hours in straight-dough and two separate proofings in sponge-dough) did 269 not affect CNCbl or OHCbl levels significantly (p < 0.05). In contrast, baking decreased OHCbl 270 content, whereas CNCbl stayed almost stable. In straight-dough baking, the total loss of added 271 OHCbl was 21 ± 5% from the dough-mixing to baked-bread stages, and in sponge-dough baking it 272 was on average 31% (range 24-36%) from the second-mixing to baked bread stages ( Figure 1 ). In 273 the sponge-dough process, more flour and other ingredients were added after the first proofing, 274 diluting vitamin B12 content ( Figure 1B) . Therefore, losses can be calculated only separately for the 275 pre-proofing stage and for the stages from the second mixing to baked bread. be observed only between the first mixing and 16-h fermentation stages and between the second mixing and baked bread stages. The 16-h fermentation and the 1.5-h proofing showed no reduction 282 of added CNCbl and OHCbl, but losses occurred mainly during the baking step. Total baking losses 283 from the second mixing to baked sourdough bread stages were almost equal in Tests 1 and 2 for 284 CNCbl (23% and 26 %, respectively) and for OHCbl (44% and 55%, respectively).
286
In both Tests 1 and 2, MBA and UHPLC results for samples from the second mixing to baked bread 287 stages were in line with each other (Figure 2 ). However, in Test 1, with added OHCbl, MBA 288 yielded higher results than the UHPLC method after first mixing and after 16-hour fermentation 289 (Figure 2A ). In sourdough baking, LAB may produce vitamin B12-like compounds that have a 290 positive effect on growth of L. delbrueckii in MBA (Herbert, 1988) . This might have led to the 291 discrepancy between UHPLC and MBA results.
292
To the best of our knowledge, this study is the first to investigate stability of added CNCbl and The straight-dough baking process did not destroy in situ-produced, active vitamin B12 361 significantly (p < 0.05, n = 6), either when low (Trial 1) or high (Trial 2) vitamin B12 content ME-362 media were used in baking (Figure 3 ). By contrast, as in breadmaking with added CNCbl and 363 OHCbl, the sourdough baking process decreased the content of in in situ-produced vitamin B12 364 during the baking step (Figure 4 ). From the second mixing to baked bread stages, vitamin loss was 365 29 ± 4% (p < 0.05, n = 3) when determined by the UHPLC method (Figure 4 ). During the 16-h 366 fermentation and 1.5-h proofing steps, the amount of active B12 increased only slightly based on 367 the UHPLC results. However, MBA results showed a significant increase of 24 ± 14% (p < 0.05). It 368 might be possible that synthesis of B12 continued during fermentation. In addition, lactic acid 369 produced by LAB might have supported the synthesis, because lactate is a favourable carbon source 370 for PAB (Piveteau, 1999) . Furthermore, LAB in sourdough might synthesize compounds other than 371 active vitamin B12 that might stimulate growth of the test organism (Herbert, 1988) . 
402
Specific volumes of these malt breads were slightly lower (on average 2.4 cm 3 /g) than those of 403 control or fortified breads (on average 3.5 cm 3 /g) (Table 2) . Probably, propionic and acetic acids 404 produced by P. freudenreichii in fermented malt media inhibited the growth of Saccharomyces 405 cerevisiae. Weak acids have been shown to have antifungal properties when they are able to enter 406 into the cell as undissociated forms. An acidification effect inside the cell prevents the essential 407 metabolic functions (Ullah, Orij, Brul, & Smits, 2012) . On the other hand, acids could be used as 408 preservatives to extend the shelf-life of bread.
409
Because the main objective of the present study was to investigate stability of vitamin B12 in 410 breadmaking, the baking and fermenting processes were not optimised for in situ production of 411 vitamin B12. However, our results were encouraging to further research to obtain bread products 412 with adequate in situ-produced vitamin B12 content combined with acceptable baking and sensory 413 quality. This could be achieved by optimizing both cultivation conditions in the fermentation 414 process and the amount of vitamin B12-rich malt medium used in baking. In this study, the content 415 of active vitamin B12 in straight-dough bread was at the highest on average 0.23 µg/g fw (in Trial 
